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ABSTRACT 


Partial  results  of  an  experimental  program  to  determine  the  electro¬ 
magnetic  noise  environment  at  UHF  on  board  an  aircraft  are  presented. 
Contributors  to  an  airborne  receiver  noise  temperature  including  galactic 
noise,  earth  temperature,  P-static,  atmospherics  and  industrial  noise  were 
measured  and  are  discussed.  A  model  of  the  industrial  noise  is  presented 
whereby  the  industrial  area  is  considered  as  a  uniformly  distributed  source 
of  independent  radiators,  the  magnitude  being  the  same  for  all  cities 
measured  with  the  exception  of  the  New  York  City  area. 

RFI  generated  by  on-board  equipment  and/or  ground  transmitters  will 
be  covered  in  a  subsequent  report. 
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NOISE  TEMPERATURE  OF  AIRBORNE  ANTENNAS  AT  UHF 


I.  INTRODUCTION 

The  noise  level  of  an  airborne  UHF  receiver  is  ultimately  limited  by 
the  receive  antenna  temperature.  In  order  to  characterize  this  limit  a  three - 
part  experimental  program  was  initiated.  The  first  two  portions  of  the  pro¬ 
gram  provided  the  necessary  data  to  describe  continuous  and  transient  noise 
levels  inherent  to  an  airborne  system.  The  third  portion  of  the  program 
(still  in  progress),  deals  with  man-made  coherent  radiation.  This  source 
of  noise  will  be  covered  in  a  subsequent  report. 

Electromagnetic  radiation  originating  from  the  earth,  atmosphere 
and  galaxy  all  contribute  to  the  antenna  temperature,  the  relative  importance 
of  each  source  being  dependent  upon  antenna  illumination.  Equivalent  expres¬ 
sions  for  determining  antenna  temperature,  using  the  radio  astronomers1 
terminology,  are  shown  below. 

Ta=  TF  ?  TB.  D(SV  (1) 

1  1 

=  antenna  terminal  temperature  due  to  noise  sources 
external  to  the  antenna 

=  brightness  temperature  in  solid  angle 

=  normalized  receive  antenna  radiation  pattern 
over  solid  angle 

=  antenna  gain 


where: 
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(2) 


1 


where  T^(0,0)  =  Brightness  temperature  as  a  function  of  the  spherical 
co-ordinates  0  and  0 

D(0,0)  =  normalized  receive  antenna  radiation  pattern 

0  =  elevation  angle  measured  from  the  horizon. 

In  the  following  sections  measured  values  of  the  brightness  tempera¬ 
ture  of  the  various  sources  illuminated  by  the  receive  antenna  are  presented. 
The  frequency,  time  and  geographical  dependence  of  these  sources  are  dis¬ 
cussed.  In  addition,  equations  and  curves  are  derived  relating  the  effect  of 
noise  generated  in  industrial  areas,  city  noise,  on  the  receive  antenna 
temperature. 

Data  was  taken  at  three  frequencies,  226.  2  MHz,  305.  5  MHz  and 
369.  2  MHz  using  total  power  radiometers,  each  with  a  1.  2  MHz  bandwidth 
and  2  msec  integration.  A  C-135  jet  aircraft  and  a  C-131  propeller  type 
aircraft  were  the  test  vehicles.  A  UHF  blade  (monopole)  antenna,  the  AT/256, 
mounted  on  the  top  of  the  fuselage  was  used  on  the  C-135.  This  antenna  pro¬ 
duced  primarily  overhead  coverage.  On  the  C-131  a  2 -dipole  array  and  re¬ 
flector  was  mounted  under  the  aircraft  fuselage  resulting  in  downward 
illumination  with  an  average  beamwidth  of  42°  x  112°.  A  more  detailed 
description  of  the  measurement  equipment  used  is  described  in  the  appendix. 

II.  BACKGROUND  EARTH  AND  GALACTIC  NOISE 

Oi 

Galactic  noise  temperature  in  the  UHF  range  varies  as  X  ,  where, 

depending  upon  the  galactic  model  chosen,  ^  Oi  falls  between  2.  5  and  2.  85. 

The  temperature  of  an  antenna  with  a  hemispherical  radiation  pattern  looking 

skyward  was  computed  using  Eq.  (1)  and  the  published  radio  map  of  the 

2 

galaxy  at  250  MHz.  The  result  is  shown  in  Fig.  1,  where  the  two  curves 

shown  correspond  to  hemispheres  including  the  galactic  center  and  galactic 

2  6 

pole  respectively.  A  wavelength  relationship  of  X  ‘  was  used  in  computing 
the  curves. 

The  effect  on  antenna  temperature,  due  to  the  sun,  was  not  included 
in  Fig.  1,  but  should  be  of  secondary  importance  under  almost  all  conditions. 
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The  brightness  temperature  of  the  quiet  sun  is  proportional  to  \  with  a  tem- 

5  o  3 

perature  of  7  x  10  K  at  300  MHz  .  The  arc  subtended  by  the  sun  is  approxi¬ 
mately  1/2°.  In  the  case  of  an  antenna  with  a  hemispherical  radiation  pattern 
the  effect  of  the  sun,  using  Eqs.  (1)  or  (2),  is  to  raise  its  temperature  7°K  at 
300  MHz.  Therefore,  only  during  severe  periods  of  solar  activity  will  the  sun 
cause  a  significant  change  in  the  receive  antenna  temperature  of  a  low  gain 
antenna.  The  sun's  contribution  is  proportional  to  the  receive  antenna  gain 
and  therefore  becomes  significant  as  the  antenna  gain  is  increased. 

Measurements  taken  on  the  C-135  over  the  Atlantic  ocean  with  the  up¬ 
ward  looking  blade  antenna  resulted  in  antenna  temperatures  of  approximately 
150°K  at  all  three  frequencies.  These  values  have  not  been  corrected  to 
remove  the  effects  due  to  transmission  line  loss  (1/2  to  1  db) ,  antenna  ef¬ 
ficiency,  antenna  VSWR,  and  contribution  due  to  the  ocean  illuminated  (ap¬ 
proximately  20%  of  the  antenna  radiation  pattern  is  below  the  horizon).  Not 
having  accurate  information  on  the  antenna  radiation  pattern  or  efficiency, 
no  accurate  evaluation  of  the  galactic  temperature  is  possible.  However,  all 
the  above  factors  add  to  the  measured  antenna  temperature  with  the  greatest 
amount  added  at  369  MHz  due  to  the  higher  transmission  line  loss.  This  would 
indicate  galactic  temperatures  of  less  than  150°K  with  lower  temperatures 
at  the  high  end  of  the  UHF  band,  i.  e.  ,  results  in  general  agreement  with  the 
curves  of  F ig.  1 . 

The  brightness  temperature  of  the  earth  is  a  function  of  the  terrain 

being  observed.  It  consists  of  thermal  radiation  from  the  earth  plus  reflected 
1  4 

galactic  noise.  9  The  temperature  over  ocean  has  been  measured  at  2  GHz 
to  be  considerably  lower  than  that  over  land,  ^  with  the  latter  being  300°K. 

Data  taken  on  the  C-131  (downward  looking  antenna)  indicated  antenna  tempera¬ 
tures  of  250  to  300°K  over  rural  land  and  l60°K  over  the  Atlantic  ocean  at  the 
three  test  frequencies. 

III.  ATMOSPHERICS 

Excessive  noise  levels  due  to  atmospherics  is  a  common  problem  at 
HF  and  lower  frequencies.  Since  the  energy  radiated  by  a  lightning  discharge 
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drops  off  rapidly  as  frequency  is  increased  and  since  propagation  at  UHF  is 
primarily  1  'line -of -site*  ’ ,  this  source  of  noise  has  not  been  a  problem  with 
most  of  the  existent  UHF  communications  equipment,  which  have  relatively 
low  sensitivity  receivers  compared  to  standards  of  today. 

A  great  deal  of  research  has  gone  into  determining  the  nature  of  a 
thunderstorm  and  trying  to  obtain  an  accurate  model  of  this  phenomenon. 
Most  of  the  experimental  work  has  been  done  at  frequencies  below  100  kc 
with  little  published  data  above  100  MHz  known  to  the  author. 

It  has  been  estimated  that  there  are  2000  thunderstorms  in  progress 

5 

around  the  earth  at  any  one  time  producing  100  lightning  strokes /sec.  The 

peak  thunderstorm  activity  occurs  over  tropical  land  masses  during  daylight 

hours.  Thunderstorm  distribution  as  a  function  of  time  and  geography  is 
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available  in  the  published  literature. 

Each  lightning  discharge  consists  of  a  leader  stroke  (low  rf  energy 
content)  from  a  cloud  to  ground  (or  clouds)  plus  at  least  one  return  stroke 
(high  energy  content)  from  the  ground.  A  typical  lightning  flash  has  more 
than  one  return  stroke,  4,  being  the  typical  number.  The  average  duration 
of  the  stroke  is  1/5  to  1/4  seconds.  Horner^  has  calculated  typical  radiated 
power  levels  for  a  number  of  frequencies.  These  values  are  plotted  in  Fig.  2. 
The  values  in  this  figure  represent  the  mean  power  level  radiated  over  a 
200  m  sec.  period,  which  he  assumed  to  be  the  duration  of  the  flash.  Peak 
power  levels  were  estimated  by  Horner  to  be  13  db  higher  than  the  mean  at 
1  00  me. 

The  mean  power  level  over  the  frequency  spectrum  (Fig.  2)  is  roughly 
2 

proportional  to  \  with  a  higher  rate  at  frequencies  above  10  MHz.  Table  I 
contains  the  expected  flux  (power)  density,  S^,  and  antenna  temperatures 
expected  based  upon  the  curve  in  Fig.  2  and  the  assumption  of  unity  antenna 
gain  in  the  direction  of  discharge.  Experimental  data  obtained  on  the  KC-135 
when  flying  at  an  altitude  of  35 K  ft.  within  a  range  of  1  to  1  0  miles  of  a 
thunderhead  between  Nassau  and  Puerto  Rico  has  been  examined  with  typical 
results  listed  in  the  same  table.  Horner  assumes  that  the  phase  center 
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of  a  lightning  discharge  occurs  at  an  altitude  of  between  1  to  2  km  which 
would  put  it  well  below  the  horizon  of  the  test  antenna  used.  Since  the  blade 
antenna  does  give  appreciable  below  horizon  coverage,  any  loss  in  gain  in 
the  direction  of  the  discharge  should  be  nominal.  The  6  to  30  db  lower  tem¬ 
peratures  measured  than  that  predicted  from  extrapolating  Hornets  data 
is  therefore  not  simply  due  to  antenna  pattern  discrimination.  An  additional 
column  of  data  is  shown  in  Table  I  corresponding  to  typical  mean  tempera¬ 
tures  measured  the  same  day  while  the  aircraft  was  on  the  ground  in 
Puerto  Rico.  The  storm  during  this  measurement  was  approximately 
15  miles  distant.  The  receive  antenna  gain  in  the  direction  of  the  storm  was 
between  1-1/2  and  3  db  which  again  indicates  lower  levels  than  expected,  in 
this  case  6  to  10  db  low.  The  data  discussed  above  was  obtained  from  dis¬ 
charges  produced  in  single  storm  cells.  Additional  data  was  recorded  the 
next  day  over  the  ocean  while  passing  through  lightning  storms  in  a  frontal 
system  with  results  which  were  essentially  the  same. 

Typical  radiometer  waveforms  recorded  while  passing  within  a  10  mi. 
range  of  a  storm  cell  are  shown  in  Figs.  3  and  4.  The  repetition  rate  of  the 
bursts  were  in  the  order  of  20/min.  ,  where  a  burst  was  counted  if  it  lasted 
>1/8  second,  was  discernible  on  all  three  channels  and  was  separated  by  at 
least  1  second  from  an  adjacent  burst.  This  rate  is  much  higher  than 
predicted.  Indeed,  if  all  bursts  present  are  counted  the  interference  rate  is 
even  greater.  This  is  illustrated  in  Fig.  5. 

IV.  PRECIPITATION  STATIC 

Precipitation  static  (P-static)  occurs  when  there  is  a  discharge  of  the 

potential  developed  on  the  aircraft  surface  when  flying  through  precipitation 

and/or  clouds.  Nanevicz  and  Tanner  pointed  out  that  the  P-static  noise  level 

at  the  terminals  of  an  airborne  antenna  is  a  function  of  the  type  antenna  used, 

the  location  on  the  aircraft,  the  specific  aircraft  and  the  type  and  condition  of 

7  8 

the  static  discharges  used.  9  The  noise  level  associated  with  this  discharge 

drops  off  rapidly  with  increasing  frequency,  Nanevicz  and  Tanner  having 

studied  the  effect  up  to  20  MHz.  The  effects  due  to  P-static  have  been  observed 

q 

as  high  as  136  MHz  by  Bendix  during  test  flights  on  a  Boeing  707.  In  fact. 
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TABLE  I 


Mean  Power  Density  and  Temperature  Due  to  Lightning  Discharge 


\  Range 

F  req.  N. 

S^w/r 

1  0  mi. 

n2  /Hz) 

1  mi. 

Expectec 

10  mi. 

1  T  (°K) 

1  mi. 

Measured 

T(°K) 

In  Air 

1-10  mi. 

Measured 

T(°K) 

OnGrnd. 

15  mi. 

226.  2  MHz 

i. 

2x  10'19 

1.  2xl0'17 

6.  3x10^ 

6.  3x10^ 

5  x  103 

4.  1  xlO3 

305.  5  MHz 

i. 

9x  10'2° 

1.  9x  10'18 

1.6x10^ 

1.6x10^ 

2.  3x  103 

2.  6x  103 

369.  2  MHz 

4. 

8xl0'21 

4.  8x  10"19 

6.6x1 0^ 

6. 6  x  105 

1.  5x  103 

1.  4x  103 

Bendix  observed  temperatures  in  excess  of  ZOO,  000°K  at  the  test  frequencies 
during  P-static  conditions.  This  level,  however,  was  due  to  static  discharge 
from  the  test  antenna  (blade  type)  pointing  out  the  importance  of  P-static 
consideration  in  the  design  and  installation  of  an  aircraft  antenna. 

Several  flights  on  both  the  C-135  and  C-131  were  made  under  conditions 
conducive  to  P-static.  On  the  C-135  no  increase  in  noise  level  was  measured 
during  any  of  these  flights.  However,  P-static  was  measured  on  several  oc¬ 
casions  on  the  C-131.  Figure  6  shows  the  noise  level  at  the  3  test  frequencies 
during  a  typical  period  of  P-static.  Typical  pulse  magnitude  ranged  from 
1  500°K  -  3000°K  at  226.2  MHz  (-137  dbm/kHz  to  -134  dbm/kHz)  to 
500°  -  1000°K  at  305.  5  MHz  (-141.  5  dbm/kHz  to  -138  dbm/kHz)  and  less 
than  500°K  at  369  MHz. 
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The  reason  for  the  different  results  on  the  two  aircraft  is  attributed 
to  the  different  static  dischargers  used.  On  the  C-135  the  ortho-decoupled 
dischargers  described  by  Nanevicz  and  Tanner  are  used  whereas  the  C-131 
had  the  older  wick-type  discharger  (AN /ASA-3). 

V.  NOISE  RADIATED  BY  CITIES 

Noise  generated  in  industrial  areas  is  considered  to  fall  under  the 
category  of  coherent  or  incoherent  noise.  Coherent  sources  include  radia¬ 
tion  from  communication  equipment,  radar,  navigational  aids,  etc.  These 
sources,  classified  under  the  broader  title  of  RFI,  vary  with  geography  and 
frequency  band  and  will  not  be  discussed  below.  Incoherent  man-made  noise 
is  primarily  generated  by  ignition  systems,  both  mobile  and  stationary, 
power  lines  and  other  electrical  machinery.  This  energy,  which  is  impulsive 
in  character,  is  the  subject  of  this  section. 

During  the  past  15  years  a  number  of  investigators  have  made  noise 
measurements  on  the  ground  in  urban  and  suburban  areas.  The  most  com¬ 
prehensive  survey  of  this  data  covering  14  years  of  measurements  by  a 
number  of  different  organizations  was  made  by  Skomal.^  This  data  along 
with  recent  data  collected  for  the  FCC^  is  particularly  geared  for  use  in 
mobile  and  ground  receiver  system  design.  Use  of  this  data,  therefore,  to 
determine  expected  antenna  temperatures  of  an  airborne  system  in  the 
vicinity  of  an  industrial  area  is  questionable. 

On  the  ground  and  at  low  altitudes  the  spectrum  of  man-made  noise 
appears  to  contain  large  numbers  of  discrete  lines.  At  higher  altitudes,  i.  e.  , 
as  the  number  of  sources  illuminated  per  solid  angle  increases,  the  noise 
would  be  expected  to  approach  white  noise.  This  is  indeed  what  was  observed 
when  flying  at  altitudes  greater  than  5000  feet  and  correspondingly  illumina¬ 
ting  city  areas  greater  than  3  sq.  miles.  The  analysis  below  is  based  on  the 
assumption  that  we  are  dealing  with  white  noise  at  the  receiver,  and  therefore 
with  antenna  systems  that  illuminate  industrial  areas  of  at  least  3  sq.  miles. 
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Analysis 


The  analysis  models  the  industrial  area  as  a  radiating  aperture  con¬ 
sisting  of  a  large  number  of  statistically  independent  point  sources.  The  ef¬ 
fective  ground  power  density  is  computed  based  upon  measurements  taken  over 
a  number  of  cities  and  is  shown  to  be  constant  within  i  1  db  over  the  length  of 
the  city  with  little  difference  in  magnitude  from  city  to  city  (with  one  exception). 
Equations  relating  this  model  of  an  industrial  area  to  the  effective  receive  an¬ 
tenna  temperature  are  presented. 

The  general  Eqs.  (1)  and  (2)  for  antenna  temperature  can  be  used  if 

values  of  Tg(9,0)  can  be  determined.  Upon  examining  the  geometry,  however, 

it  becomes  apparent  that  the  more  fundamental  and  useful  quantity  is  C(0,  0), 

2 

the  power  density  along  the  ground  in  watts /m  /Hz.  Assuming  the  city  to  be 
made  up  of  a  large  number  of  statistically  independent  radiators  the  received 
power  level  would  be  the  summation  of  the  received  power  levels  from  the 
individual  sources.  Defining  a  ground  power  density  C(0,  0)  the  received  power 
would  be  (see  Fig.  7). 

*2  C  C  G.  C(0,  0)  dA 

Pr=T7TBGo)  )  D<e'«>  - Z - 

16  v  k)  ^  P 

Substituting  for  the  incremental  area,dA,  of  Fig.  7  we  get 

\  BG  p 2  77  pTT/2  P 

P  =kTB=  - -2-  \  \  D(e,0)C(6,0)  G  (6,0)^-E-d0d0  (3) 

r  a  1 6  77  JO  J-7T/2  t  sinW 

-23 

where  k  =  Boltzman's  constant  =  1.  38  x  10 

(0,0)  =  effective  radiation  pattern  of  the  earth  generated  radiation 
B  =  bandwidth  of  receiver 


Due  to  the  randomness  of  the  energy  source  we  can  assume  G  (0,0) 
to  be  independent  of  0  and  therefore  equal  to  G^(0).  Comparing  Eq.  (3)  with 
(2)  we  get  for  T^  (0,0). 


Tb(0,0) 


\ZGt(0)  C  (6,0) 
4  7Tk  sin  6 


(4) 
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The  above  equation  points  out  the  dependence  of  on  0  and  demonstrates 

the  fundamental  nature  of  C(0,0).  The  one  disconcerting  item  in  Eqs.  (3)  and 

(4)  is  that  T„  and  consequently  T  approaches  infinity  as  0  approaches  zero 
-D  a 

if  G  (0)  C  (0  ,  0  )  does  not  approach  zero  faster  than  sin0.  In  fact,  ©never 
reaches  zero  when  dealing  with  a  spherical  earth  and  C(0,0)  is  non-zero 
for  only  limited  ranges  of  0. 


As  the  distance  from  the  industrial  area  becomes  large  (see  Fig.  8)  we  get 
Z 


T  = 
a 


■  K  ,  D(0  ,  0  )  C  (0  ,  0  )  G+  (0)  G  £25®.  A  0  A  0 

TbTT  O  o  o  o  t  o  sin  0 


(5) 


where: 


A0  = 


A  0  = 


T  = 
a 


b  sin  0 

e2  -0  =  — —2 

Z  1  p 

^Z  ^1  p  cos  0 

r  o 

\ZG  D(0  ,0  )  G.  (0  )  C  (0  ,0  )  ab 
o  o  o  t  o  o  o 

1 6  TJ  Z  k  p  Z 

Pf  G  AQ  )  G  D(0  ,0  )  \Z 
t  t  o  o  o  o 

- ,  4  2 —  2 - 

16  77  k  p 


(6) 


which  is  the  standard  energy  transfer  equation  for  a  point  source  of  power 
Pt  =  c<W  ab. 

Experimental  Results 

A  large  number  of  test  runs  (approximately  50  flight  hours  were  logged) 
were  made  over  East  coast  cities  at  different  altitudes,  in  an  effort  to  deter¬ 
mine  noise  distribution  over  cities,  noise  level  differences  between  cities, 
differences  due  to  time  of  day  and  year,  and  frequency  dependence.  A  major 
problem  was  to  distinguish  background  noise  radiated  from  coherent  inter¬ 
fering  signals,  RFI.  With  the  aid  of  a  tunable  wide  band  receiver  and  spectral 
display  it  is  believed  that  most  of  the  interfering  signals  have  been  discounted 
in  the  following  analysis. 

Data  runs  were  taken  at  altitudes  of  Z000  ft.  to  19,000  ft.  The  runs 
were  misleading  at  Z000  ft.  since  the  receive  noise  was  definitely  not  white 
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gaussian.  An  example  of  this  is  shown  in  Fig.  9  where  radiometer  data  taken 
at  2000  ft.  over  a  major  highway  (Rte.  128  north  of  Boston)  clearly  shows  the 
impulse  noise  characteristic  of  auto  ignition.  In  addition  the  frequency  depend¬ 
ence  and  magnitude  of  the  noise  level  recorded  were  not  consistent  with  data 
taken  at  higher  altitudes  during  the  same  day,  the  results  indicating  that  we 
were  not  always  in  the  far  field  of  the  radiators  on  the  ground.  At  altitudes 
of  greater  than  5000  ft.  the  results  were  consistent,  and  consequently,  the 
data  from  these  altitudes  will  be  the  only  ones  considered  in  the  following 
analysis . 

Defining  the  boundaries  of  a  city  is  subjective.  Skomal  and  other 
have  taken  measurements  in  areas  they  define  as  Urban  and  Suburban.  They 
have  found  that  Suburban  noise  levels,  on  the  ground,  run  10  db  or  lower  than 
that  in  Urban  areas.  In  the  analysis  we  consider  the  Urban  area  only.  The 
effect  of  Suburban  areas  can  be  computed  separately,  but  in  any  case  will 
have  only  a  secondary  effect  on  the  resultant  antenna  temperature. 

The  Miami  Urban  area  was  chosen  as  an  excellent  area  to  map  since  it 
has  well-defined  boundaries.  On  the  East  it  is  bordered  by  ocean  and  on  the 
West  by  swamp.  A  number  of  runs  were  made  over  the  area.  The  angular 
sector  that  the  city  metropolitan  area  occupies,  as  seen  from  the  aircraft 
during  one  of  the  test  runs  at  18,000  ft.  is  shown  in  Fig.  10.  A  noise  density 
profile  can  be  computed  assuming  an  average  C(0,  0)over  the  portion  illuminated 
at  any  one  time  and  Gt(0)  =  1.  Then: 


T 

a 


\2C 


16  77  2  k 


G  I 

o  x 


(V) 


where 


C 

x 


=  power  density  along  the  length  of  the  city  and 
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(8) 


I  =  i  I  I.  +1 

x  Z  L  +  -J 
p2  V  nV/Z 

I  =  \  \  D(0,  0  )  cot  0  d  0  d  0 

+  J0 

p2  n  pTT  / 2 

I  =  \  \  D(0,0)  cot  0  d  0  0 

Jo  ->ez 

Since  D(0 , 0)  is  symmetrical  about  0  =  ,  1^=1  when  0^=0^  =  0^.  The  function 

1(0),  where  0  =  ^  -  0.^ »  is  evaluated  in  Appendix  B  based  upon  the  test 
antenna  pattern.  The  function  is  plotted  in  Fig.  11. 

Using  data  taken  at  18,  000  ft.  over  Miami,  an  antenna  gain  of  9  db. 

Figs.  10  and  11,  and  Eq.  (7),  was  computed  and  is  plotted  in  Fig.  12. 

With  the  exception  of  the  northern  edge  of  the  city  (where  the  illumination  of 

Hollywood  was  present  in  the  data,  but  not  included  in  the  outline  of  the  city 

shown  in  Fig.  15)  the  value  computed  for  is  constant  over  the  city  within 

i  1  db.  The  mean  value  of  C  between  x  =  4  mi.  and  18  mi.  is  shown  in 

x 

Fig.  12  and  is  used  to  compute  in  reverse  the  expected  antenna  temperature 
of  the  test  antenna.  This  is  shown  in  Fig.  13  along  with  the  measured  data. 

It  is  of  interest  to  note  that  the  data  used  above  was  taken  Wednesday, 
Nov.  17,  1965  at  1:30  P.  M.  local  time  and  that  a  second  set  of  data  taken 
over  identical  runs  Wednesday,  Feb.  23,  1966  resulted  in  uniformly  higher 
noise  temperatures  on  all  three  channels  in  the  order  of  3  db.  On  no  cor¬ 
responding  set  of  data  runs  over  other  cities  did  we  note  a  difference  in  noise 
temperatures  approaching  3  db.  The  implication  clearly  is  that  the  Florida 
tourist  season  has  a  definite  effect  upon  the  UHF  noise  level. 

An  additional  bit  of  information  that  can  be  computed  from  the  Miami 
data  runs  is  the  total  power  radiated  from  the  city.  Based  upon  an  average 
calculated  and  an  estimated  Urban  area  of  117  sq.  mi.  the  total  power 
radiated  (linear  polarization)  is  .  46  mw/MHz  at  305.  5  MHz  during  the  tourist 
season  and  half  that  during  the  "off11  season.  At  226.  2  MHz  a  similar  estima¬ 
tion  of  by  comparing  relative  noise  temperatures  results  in  noise  power 
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of  .  72  mw/MHz  and  .  36  mw/MHz.  Interference  on  the  369.  2  MHz  channel 
prevented  any  estimation  of  C  at  this  frequency  over  Miami. 

Miami  is  not  unique  in  having  an  effective  uniform  power  density  dis¬ 
tribution  when  areas  >3  sq.  mi.  are  illuminated.  Flying  at  altitudes  of 
8000  ft.  or  greater  over  large  cities  such  as  New  York  and  Philadelphia 
resulted  in  near  constant  antenna  noise  temperature  over  the  city  length. 

Since  the  corresponding  city  half  angle,  if) t  over  the  length  of  these  cities 
was  >60°  and  therefore  I(^)  )  nearly  constant  the  conclusion  can  be  made  that 
is  also  constant.  This  is  illustrated  in  Fig.  14  in  the  case  of  Philadelphia. 
In  this  case  the  aircraft  was  flown  at  an  altitude  of  18,000  ft.  over  the  center 
of  the  city,  starting  south  of  the  city  and  traveling  north,  north-east  over 
Broad  Street  to  a  point  between  the  Johnsville  NAF  and  Willow  Grove  NAS. 
When  flying  at  low  altitudes  greater  detail  of  the  power  distribution  becomes 
apparent  as  is  shown  in  Fig.  15. 

Table  II  lists  the  noise  temperature  levels,  T^,  measured  over  the 
center  of  a  number  of  U.S.  cities.  As  seen  from  this  table  the  only  metro¬ 
politan  area  that  resulted  in  appreciably  higher  temperatures  is  New  York. 

The  temperature  levels  recorded  over  Orlando  and  Jacksonville  are  lower 
than  the  other  cities  listed  due  to  the  smaller  angular  sector  these  cities 
occupied.  To  determine  the  average  of  these  cities  the  city  limits  would 
have  to  be  determined  in  order  to  compute  the  illumination  angle  if) and 
therefore  1^.  However,  it  is  seen  from  Fig.  11  that  I  saturates  for  illumina¬ 
tion  angles  in  excess  of  60°.  With  the  exception  of  Jacksonville  and  Orlando 
all  the  data  listed  in  Table  II  was  obtained  when  if)  was  very  near  60C  or 
greater.  Therefore  the  value  of  for  these  cities  is  proportional  to  the 
listed  temperatures.  In  the  case  of  Jacksonville  and  Orlando  the  illumination 
angle  was  substantially  less  than  60°  and  therefore  the  corresponding  I  was 
lower.  This  accounts  for  the  lower  temperatures  listed  for  these  two  cities. 

Data  was  taken  during  one  night  flight  over  the  east  coast  cities.  Un¬ 
fortunately  the  weather  was  poor  during  this  flight  resulting  in  poor  visibility 
and  P-static  and  consequently  limiting  the  quantity  and  accuracy  of  the  data. 
However,  the  data  did  indicate  a  lower  temperature  level  over  the  Baltimore - 
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Philadelphia -New  York  area.  The  levels  were  3  to  7  db  lower  than  previous 
measurements  made  during  normal  working  hours.  These  measurements  were 
taken  between  midnight  and  Z  A.  M. 

The  frequency  dependence  of  the  noise  temperature  over  a  large  number 
of  independent  measurements  was  determined  by  selecting  data  points  from 


TABLE  II 

Noise  Temperature  Recorded  on  C-1310ver  Eastern  U.S.  Cities 

City  Altitude  Temperature  (°K) 

 (Ft.  )  ZZ6.  Z  MHz  305.5  MHz  369.  2  MHz 


Boston 

8  K 

22, 000 

8,  000 

* 

Baltimore 

1 8  K 

23, 000 

7,000 

Jacksonville 

14  K 

14, 000 

3,400 

Miami 

(Cold) 

1 8  K 

14, 000 

4,600 

* 

(Hot) 

10K-18K 

27,000 

10, 500 

Orlando 

9  K 

9,  000 

4,  000 

z,  zoo 

Philadelphia 

8K-18K 

26,000 

9,000 

6,000 

Brooklyn 

8K-18K 

60, 000 

19,000 

9,  500 

Manhattan 

8K-18K 

75, 000 

30, 000 

16, 000 

^Accurate  values  not  obtained  due  to  ground  RFI. 


data  runs  at  altitudes  of  7.  5  K  ft.  and  higher  over  all  of  the  cities  checked. 
Points  on  the  same  run  were  chosen,  separated  sufficiently  in  time,  to  prevent 
overlap  of  ground  illumination.  The  ratio  of  the  temperatures  recorded  at  each 
data  point  was  computed  and  averaged.  The  result  is: 
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(9) 


Ta  @  305.  5  MHz 

mzrz  MHz  = 

a 

T  @  369.  2  MHz 
a 

T  9  ZZ6.  2  MHz  = 
a 

A  total  of  81  and  40  independent  points  were  used  in  computing  the  ratios  of 
Eqs.  (9)  and  (10)  respectively. 

In  order  to  obtain  a  comparable  relationship  between  the  values  of 
at  the  three  test  frequencies  a  relationship  between  the  products  1^  at  the 
three  frequencies  must  be  determined.  The  data  points  chosen  in  evaluating 
Eqs.  (9)  and  (10)  corresponded  to  points  where  0^  =  ^  20°.  At  if j  =  45°, 

1(0)  at  369.  2  MHz  is  1.  6  db  greater  then  1(0)  at  the  two  lower  frequencies. 

However  the  antenna  gain  G  at  369.  2  MHz  is  1-1/2  db  lower  than  that  at  the 

o 

lower  two  frequencies.  The  product  is  therefore  essentially  the  same  at 

all  three  frequencies  at  0q  =  45°  and  will  furthermore  be  assumed  identical 

for  all  the  data  points  chosen.  The  values  of  C  vs  frequency  are  plotted  in 

Fig.  16  using  the  computed  for  a  MhotM  Miami  at  305.  5  MHz  and  Eqs.  (7) 

and  (9)  and  (10),  Along  with  this  data  the  often  used  values  for  Urban  noise 
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published  in  the  ITT  handbook  and  converted  to  the  same  units  is  also 
plotted.  It  is  interesting  to  note  that  the  average  slope  of  the  two  curves  is 
similar  but  that  the  levels  differ  by  12.  5  to  14.  5  db.  The  difference  in 
magnitude  is  not  surprising  since  the  quantity  being  measured  is  not  actually 
the  same,  the  ITT  data  representing  the  noise  density  experienced  by  a 
receiver  on  the  ground  in  the  Urban  area,  in  the  middle  of  the  random  radiating 
sources.  Whereas  represents  the  effective  noise  density  of  the  skyward 
radiated  power. 

Antenna  System  Temperature 

To  determine  analytically  the  effect  of  a  city  on  the  temperature  of  an 
airborne  antenna  is  a  laborious  procedure  if  one  were  to  use  Eq.  (3)  directly. 
There  are  a  couple  of  ways  of  circumventing  this  lengthy  calculation  however. 


.  31 


.18  (10) 
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If  the  distance  between  the  aircraft  and  the  city  is  greater  than  the 
largest  dimension  of  the  city  and  if  the  illumination  pattern  over  the  city  is 
fairly  uniform  a  fair  approximation  of  the  antenna  temperature  can  be  made 
by  considering  the  city  to  be  a  point  source  at  the  city  center.  The  effective 
power  radiated  would  then  be  the  area  of  the  city  times  the  power  density,  C 
from  Fig.  16.  The  temperature  is  then  calculated  using  Eq.  (6). 

If  on  the  other  hand  the  conditions  above  are  not  valid  or  if  a  more 
precise  calculation  is  desired  a  quick  calculation  can  still  be  obtained  by 
partitioning  the  city  into  annular  sectors  that  have  a  constant  illumination 
factor,  D(8,0).  Using  Eq.  (3)  and  the  geometry  of  Fig.  17  we  get  for  a  sector 


T  = 
a 


P 

r 

kB 


x^cc  r  2  r  2 

1677  k  ^  0  ^ 


cot  0  d  8  d  0 


GC(02  -  0j)  In 


sin  8  2 
sin  0  ^ 


(H) 


where  G  =  D(8,0) 


=  antenna  gain  over  the  sector  a-b 


From  Fig.  17  we  have: 


0,  -  0,  = 


2  v  1  r 


sin  8 


(ro“  +h2 


sin  8  j  = 


(ro+£)  +h2 


(12) 
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T 

a 


\2G  C  a 
32  77  2k  ro 


(13) 


The  sum  of  the  temperatures  from  all  the  sections  of  the  city  defined 

above  will  give  a  good  approximation  to  Eq.  (3).  Equation  (13)  normalized  to 

2 

\  G  C  is  plotted  in  Fig.  18  as  a  function  of  b/r^  when  a  =  b.  Since  the  area  of 

the  sector  is  a*  b  the  independent  variable  is  equivalent  to  the  square  root  of 

the  sector  area  divided  by  r  . 

J  o 

A  special  limiting  case  occurs  when  flying  over  a  city  center  with  an 
antenna  that  provides  uniform  illumination  downward.  Letting  a  =  b  =  2  r^  we 
define  a  triangular  sector  of  a  circle  with  radius  2  r^.  There  are  7 T  such 
sectors  in  360°.  Therefore  if  the  city  is  circular  with  radius  2  we  get: 


T 

a 


\ZGC 

“TSlrir 


In 
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The  use  of  Fig.  1  8  to  obtain  a  first  approximation  to  the  temperature 
level  expected  is  illustrated  with  the  aid  of  data  taken  on  the  C-135  with  the 
upward  looking  blade  antenna  flying  by  the  southern  edge  of  Miami.  The  radio¬ 
meter  data  is  shown  in  Fig.  19.  The  flight  path  of  the  aircraft  was  south 
easterly  to  a  point  south  and  slightly  west  of  the  city  where  a  turn  was  executed 
to  the  east,  passing  south  of  the  city  of  Miami  and  crossing  the  coastline  where 
the  antenna  temperature  drops  below  300°K.  Using  Figs.  16  and  18  we  can 
compute  the  expected  antenna  temperature.  A  rough  approximation  of  the  Urban 
area  is  to  assume  it  to  be  a  sector  with  a  =  b  so  that: 

r  =  12  mi. 

o 

b  =  j  1 17  =  10.  8  mi. 

h  -  6.6  mi. 

/.  from  Fig.  16 

T  =  300  \ZG  CIO-18 

o 

=  1475  G  (°K) 

o 
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During  the  turn  the  antenna  declination  angle  corresponding  to  the  city  center 
would  be  about  10°  which  corresponds  to  an  antenna  gain  of  approximately 
+  1  db  —  1  db.  The  resultant  expected  additive  temperature  would  be  1855°K. 

As  previously  stated  Miami  appeared  to  exhibit  temperature  levels  that 
differed  by  3  db  depending  upon  the  time  of  year.  Since  Fig.  18  is  based  upon 
a  MhotM  Miami  and  the  data  of  Fig.  19  was  obtained  in  September  we  would 
expect  a  temperature  one -half  that  calculated.  In  addition,  the  background 
noise  temperature  from  the  sky  and  earth  of  approximately  200°K  has  to  be 
added.  The  result  is: 

T  expected  =  1128°K  —  240° 

=  Z055°K  1  480° 

T  measured  =  1800°K  ±  180° 

The  discrepancy  between  the  actual  and  expected  temperature  can  be  attributed 

to  the  approximation  of  the  city  geometry,  the  fact  that  surrounding  suburban 

areas  are  not  considered  in  the  calculation,  and  that  the  value  of  C  for  Miami 

x 

varies  by  at  least  +  3  db  as  a  function  of  the  time  of  year. 

After  the  turn  was  completed  the  aircraft  flew  south  of  the  city  in 
level  flight  with  a  resultant  measured  temperature  of  approximately  1300  >K. 
Assuming  a  - 1  db  1  1  db  antenna  gain  in  the  direction  of  the  city  we  get 

T  expected  =  935°K  ±  190°  "cold" 

=  1670°K  ±  380°  "hot" 

T  measured  =  1300°K  —  130° 


"cold" 

"hot" 
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VI.  CONCLUSIONS: 


The  noise  level  inherent  to  airborne  UHF  antenna  systems  has  been 
measured  and  characterized.  The  contributors  to  the  overall  noise  level 
have  been  identified  and  discussed  with  the  exception  of  coherent  RFI.  The 
results  are  summarized  as  follows: 

1.  Galactic  and  Thermal  Earth  Radiation:  These  sources  contribute 
a  low  level  background  noise  level  of  150°K  to  300°K  (low  gain  antenna). 
Measurements  were  in  general  agreement  with  estimated  values. 

2.  P-Static:  This  source  of  noise  is  negligible  if  modern  static  dis¬ 
chargers  are  employed  on  the  aircraft  and  care  is  taken  in  the  antenna  design. 

3.  Atmospherics:  Noise  levels  measured  due  to  lightning  discharges 
were  6  to  10  db  lower  than  expected  based  upon  extrapolated  data  in  the  litera¬ 
ture.  However,  burst  levels  of  several  thousand  degrees  Kelvin  are  common 
when  within  10  to  20  miles  of  the  discharge  with  peaks  in  the  tens  of  thousands 
of  degrees.  Burst  rates  of  20/min.  were  measured  with  typical  burst  width  of 
1  /4  second. 

4.  City  Noise:  Analysis  of  data  taken  over  cities  in  the  Eastern 

United  States  indicates  that  the  city  can  be  modeled  electromagnetically  as  a 

distributed  aperture  of  random  sources  with  uniform  power  density.  The 

- 1 8  -  1 8  2 

power  density  was  calculated  to  be  3  x  10  to  1  x  10  watts /m  /Hz  over 
the  UHF  band.  This  value  of  power  density  was  common  to  all  cities  during 
the  weekday  with  the  exception  of  New  York  City  which  had  a  5-6  db  higher 
level.  Relations  have  been  derived  and  curves  plotted  to  compute  antenna 
temperature  increase  due  to  city  noise  based  upon  the  metropolitan  area 
and  range. 
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APPENDIX  A 


Measurement  Equipment 


The  equipment  used  on  the  C-135  and  C-131  was  the  same  with  the 
exception  of  the  antenna.  A  block  diagram  of  the  measurement  equipment  is 
shown  in  Fig.  A-l. 

An  ARI  calibrated  variable  noise  source  was  used  during  the  measure¬ 
ments  for  data  calibration.  The  triplexer  shown  was  fabricated  from  existing 
coaxial  cavities  and  was  tuned  to  center  frequencies  of  226.  2  MHz,  305.  5  MHz 
and  369.  2  MHz.  The  3  db  bandwidth  of  the  triplexer  was  1.6  to  1.7  MHz  with 
greater  than  80  db  rejection  at  jl  10  MHz  from  center  frequency.  Low  noise 
(300°K)  preamps  were  in  each  channel  prior  to  the  channel  radiometer.  The 
radiometers  shown  were  total  power  radiometers  with  a  2  msec  integration 
time  and  a  1.  2  MHz  bandwidth.  The  outputs  of  the  radiometers  were  amplified 
and  recorded  on  a  7  channel  FM  P.  I.  recorder.  One  of  the  7  channels  was 
used  for  voice  commentary,  the  remaining  6  used  to  record  high  and  low 
sensitivity  signals  from  the  3  radiometers.  A  2  channel  T.  I.  chart  recorder 
was  used  on  board  for  monitoring  purpose.  Likewise  a  tunable  wideband  CEI 
receiver  was  used  on  the  aircraft  to  monitor  the  three  channels.  Individual 
line  spectra  in  the  1.  2  MHz  wide  channels  could  be  identified  using  the  CEI 
built-in  spectral  display. 

The  antenna  used  on  the  C-131  was  a  2  dipole  array  mounted  over  a 
flat  ground  plane,  the  combination  mounted  under  the  aircraft  fuselage  near 
the  aircraft  tail.  The  average  E  and  H  plane  half  power  beamwidth's  at  the 
three  operating  frequencies  were  42°  and  112°  respectively,  the  beam  peak 
facing  earthward.  The  antenna  was  matched  at  the  three  operating  frequencies 
to  a  VSWR  of  less  than  1.  5:1. 

A  standard  military  blade  antenna  (AT -256)  was  used  on  the  C-13  5. 

The  antenna  mounted  on  the  top  rear  of  the  fuselage  produced  a  donut -shaped 
pattern  roughly  symmetrical  about  the  vertical.  The  radiation  was  primarily 
upward.  An  estimation  of  the  percentage  downward  illumination  was  computed 
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using  typical  scaled-model  pattern,  produced  by  Boeing,  of  the  antenna  on  a 
C-135.  The  fore -aft  elevation  pattern  differs  from  the  broadside  elevation 
pattern  due  to  the  increased  ground  plane  along  the  fuselage  and  the  tail 
assembly.  The  percentage  of  illumination  vs.  elevation  angle  is  shown  in 
Fig.  A -2,  where  the  elevation  pattern  at  broadside  and  fore -aft  are  considered 
separately  and  as  figures  of  revolution  about  the  vertical  and: 

C *  2 

K(i/>)  =  ZttG  \  E  (0  )  sin  0  d  ip  (A-l) 

An  estimate  of  the  total  downward  illumination  by  the  average  K(0)  is  shown 
in  Fig.  A-2. 
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APPENDIX  B 


Antenna  Illumination 


In  order  to  estimate  C(0,  0)  several  approximations  are  made.  From  all 
the  data  taken  during  this  program,  plus  noise  measurements  made  by  others 
on  the  ground,  the  noise  density  does  not  vary  greatly  within  an  urban  area  or 
for  that  matter  from  city  to  city.  C(0,  0  )  is  therefore  approximated  by  a  con¬ 
stant  within  the  beam  illuminated  portion  of  the  city  and  Eq.  (3)  of  the  text 
can  be  written  as: 


T 

a 


16  TJ  k 


D(0, 0)  cot  0  d  9  d  0 


(B-l) 


Where  the  limits  of  integration  correspond  to  the  city  limits  and  Gt(0)  is 
assumed  to  be  unity.  C  can  be  computed  once  the  value  of  the  integral  in  B-l 
is  solved.  However,  the  evaluation  of  this  integral  involves  obtaining  complete 
contour  radiation  patterns  and  then  use  of  a  computer  for  the  evaluation.  This 
effort  is  not  consistent  with  the  accuracy  of  the  knowledge  of  the  airborne 
antenna  radiation  pattern  or  with  the  assumption  of  constant  C.  Fortunately, 
a  good  analytical  approximation  to  the  radiation  pattern  can  be  made  and  with 
some  effort  an  analytical  expression  for  the  integral  obtained. 

The  principal  plane  patterns  of  the  test  antenna  have  been  measured.  The 
magnitude  of  the  radiation  pattern  between  the  principal  planes  falls  in  between 
these  values  forming  an  elliptically  shaped  beam.  For  cases  where  the  ratio 
of  the  principal  axes  of  the  M ellipse1’  is  not  too  large,  i.  e.  ,  for  most  of  the 
main  beam  a  reasonable  and  convenient  expression  for  the  main  beam  radiation 
pattern  using  the  geometry  of  Fig.  B-l  is: 
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(B-2) 


D(0,0)  =  E2  (0)  cos20  +  E2  (0)  sin  20 


where 


0  = 


71 

1 


-  e 


E 

E 


2 

h 

2 

e 


(0)  =  normalized  H -plane  radiation  pattern 
(0)  =  normalized  E -plane  pattern 


The  measured  principal  plane  patterns  are  shown  in  Figs.  B-2  and  B-3  along 
with  simple  functions  that  are  good  approximations  to  the  E  -plane  and  H-plane 
pattern  at  all  three  frequencies.  The  integral  of  Eq.  (B-l)  can  now  be  written 
as : 


p  0(0)  2  2  p-T  P0(0)  2  2 

I  =  4  \  \  E,  (0)  cos  0  tan  $d0d0  +  4\  \  E  (0)  sin  0  tan0di/)  d  0  (B-3) 

Jo  Jo  h  Jo«Joe 


where 


E>> 


2  , 

COS  if) 


•?<*<£ 


?<  101 


f  =  305.  5  MHz  and  226  MHz 


E  e 


975 


cos  20 


V 


7 7 


*  <  *  <  f 

4  <  *  <  5 


f  =  369.  2  MHz 


(B-4) 


?<  101 
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The  beam  contours  obtained  from  the  approximate  analytic  expression 
at  305.  5  MHz  are  plotted  in  Fig.  B-4  along  with  the  measured  contour  obtained 
from  the  principal  plane  and  45°  plane  patterns. 

The  limits  of  integration  are  defined  by  Fig.  B-5.  The  component  of  I 
due  to  E^  (ip)  at  226.  2  MHz  and  305.  5  MHz  is: 

A  -1 

a 

2 

sin  Ip  cos  Ip  cos  0  d  ip  d  0  (B-5) 

where 

tan0 

o 

a  -  - T^- 

COS  0 


Performing  the  integration  we  get  for  ip  ^  < 


77 

7 


^  =  77  tanZ  tp°  ( 1  -  sin  lpQ) 


At  369.  2  MHz  the  EZ  (0)  contribution  is: 


77  tan  a 

^  =  4  J  .  975  tan  lpQ  cos  20d  0  d  0 


n 


which  results  in  Eq.  B-8  for  ip  < 


r  1  +  sin  0  sin  0 

L  =  .  975  77  In  - 7 - —  -  - r£_ 

n  L  cos  0  1  -f  sin 0  J 


(B-6) 


( B  -  7) 


(B-8) 
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77 


The  E -plane  contribution  to  the  integral  I  is  constant  when  lpQ  < 

2  7f 

since  (0)  =  0  for  if)  >  This  constant  is  equal  to: 


7 T  77 


I  =  4 


(  ^  \  ^  cos^  20  sin  ^0  tan  0  d  0  d  0 

Jo  Jo 


^  (4  1  n  .  707  +  1)  =  .  301  for  0  ^  J 


(B-9) 


When  0^  is  less  than  the  integral  1^  is  the  sum  of  two  integrals  defined  by 
the  limits  derived  from  Fig.  B-5.  These  limits  are: 


Sector  I 


Sector  II 


0  varies  from 
0  varies  from 


0  varies  from 
0  varies  from 


0  to  tan 

0  to  cos 


tan  0 


o 


COS  0 


(tan  lpQ) 


0 


to 


77 

4 


-1 

cos 


(tan  0  )  to 
'  o 


IT 

1 


( B  -  1 0) 


The  integral  over  the  Sector  II  limits  is  relatively  straightforward  with 
the  result: 


•  384 1?  '  +  I  <‘-02>1/2 


(B-1Z) 


where  6  has  been  substituted  for  tan0  .  Over  Sector  I  the  evaluation  of 

o 

the  I  results  in* 
e 


*The  integrals  solved  above  are  not  simple  due  to  the  complexity  of  the  limits. 
The  solutions  were  obtained  with  the  aid  of  integral  tables  in  references  13 
and  14. 
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I  =6(1-  6  ) 

e 

i 


1/2 


d+6  ) 


,  fi2  ,1/2 

— r -ry  tan  (  - j-  J  -  26  cos  *  6 

z,  '  1+6 


1/2 


+  2  6  ( 1  -  6  2)  [.  96  +  .  1262  +  .  10864  +  .  09166^  (B-13) 


where  the  last  term  of  B-12  was  obtained  from  the  integration  of  the  first 

§2 

four  terms  of  series  expansion  of  1  n  ( 1  +  - ^ —  )• 

cos  0 

In  summary  the  value  of  I  at  the  two  lower  frequencies: 


I  =  77  tan  lb  ( 1  -  sin ll)  )  +  I  +  I 

o  o  ej  e^. 


n 


^  <  j 


O 


=  77  tan  ip  ( 1  —  s i nil)  )  +  .301 


5  <*o<? 


(B- 14) 


77 


at  369.  2  MHz  for  ip^  <  we  get: 


r  1  +  sinli  sin  ll) 

I  =  .975  77  1  In  - 1 

L  cos  ip  1  +  sin  lb  J 

o  o 


+  I  +  I 

el  e  Z 


(B-  1 5) 


77 


The  value  of  Iwas  not  evaluated  at  369.  2  MHz  for  lpQ  <  -j-  since  the  straight 
line  approximation  for  results  in  an  integral  that  is  not  solvable  in  closed 


n 


form  plus  the  fact  that  most  of  the  experimental  data  obtained  and  analyzed  cor- 

77 

responds  to  ip  <  . 

I  (0)  is  shown  plotted  in  Fig.  1 1  of  the  text. 
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Measured  P-Static  on  C-131 
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3-62-5794 


d 9  d<£ 


Fig.  7.  Antenna  coordinate  system. 


Fig.  8.  Geometry  when  distributed  source  is  small 

compared  to  range. 
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Fig.  9.  Radiometer  response  over  Rte.  128  at  2,000  ft. 
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Fig.  10.  Angular  boundary  of  Miami  at  18,000  ft. 
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'ig.  12.  Power  density  profile  of  Miami  @305.  5  MHz, 

7  Nov.  1965. 
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Fig.  13.  Temperature  profile  of  Miami  @305.  5  MHz, 

measured  traveling  North  over  city  at  18  K  ft. 
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Fig.  14.  Temperature  profile  of  Philadelphia  at  226.  2  MHz, 
measured  traveling  North  at  18  K  ft.  ,  18  Nov.  1965. 
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NOISE  TEMPERATURE  OF  BROOKLYN -NEWARK  AT  UHF 


MEASURED  AT  2 kft  ALTITUDE  AT  1400  EST,  18  NOV  1965 

Fig.  15.  Noise  temperature  over  Brooklyn-Newark 

at  2K  ft.  ,  18  Nov.  1965. 
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Fig.  16.  Effective  city  power  density. 
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Fig.  17.  Sector  geometry. 
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Fig.  19.  Blade  antenna  temperature  on  C-135  at  226.  2  MHz, 

measured  near  Miami  at  35K£t.  ,  14  Sept.  1965. 
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Fig.  A-l.  Measurement  equipment. 
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Fig.  A-2.  AT-256  illumination  factor  vs.  elevation  angle. 
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B-2.  Antenna  E -plane  patterns.  Fig.  B-3. 


Antenna  H -plane  patterns. 
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Fig.  B-4.  Contour  plot  of  antenna  pattern  at  305.  5  MHz. 
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Fig.  B-5.  Limits  of  integration 
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